1. Introduction {#s0005}
===============

Soils are very complex, having numerous constituents performing different functions mainly due to the activity of soil organisms ([@b0090], [@b0065], [@b0060]). The microorganisms plays significant role in soil ecosystem. The soil quality is determining by microbial composition and functioning changes during decomposition of organic matter, recycling of nutrients and biological control ([@b0080]). Fungi are very vital for the soil ecosystem since they play a key role in different essential processes including elemental release by mineralization and organic matter decomposition ([@b0030]). Moreover, the fungi are responsible for the decomposition of organic compounds and their activity contributes in the bio-deterioration and biodegradation of toxic substances in the soil ([@b0070]).

Fungi; eukaryotic microorganisms, can occur as unicellular (yeasts), filamentous (molds) form. Fungi are capable of causing superficial, cutaneous, subcutaneous, systemic or allergic diseases. Yeasts are microscopic fungi consisting of single cells that reproduce by budding while molds, in contrast, occur as long filaments known as hyphae, which grow by apical extension ([@b0005], [@b0020]). Generally, soil is an oligotrophic habitat for fungi because the fungal growths are limited and readily present for short periods in a restricted zone. Accordingly, fungi are either dormant, or metabolize and grow very slowly utilizing a range of organic molecules ([@b0075]). Fungi are playing a significant role in the daily life of human beings in addition to their participation in industry, agriculture, medicine, food industry, bioremediation, natural cycling, bio-fertilizers and other ways leading to human welfare ([@b0050], [@b0035], [@b0055]).

Fungi produce many antibiotics, having antibacterial and antifungal activity, which are widely used as drugs over the world especially the penicillin, cephalosporin and fusidic acid ([@b0040]). The recent decades are characterized by the novel discoveries of microorganisms capable of producing compounds, as a potential source of new antibiotics ([@b0090]). Knowing this information in mind, the present study aimed at determining the diversity of fungi in the soil of Al-Qassim governorate, Saudia Arabia and making an assessment of their anticandidal activity.

2. Material and methods {#s0010}
=======================

2.1. Fungal isolation and identification {#s0015}
----------------------------------------

### 2.1.1. Fungal isolation {#s0020}

#### 2.1.1.1. Samples collection {#s0025}

Soil samples from different places in Al-Qassim region, KSA, were collected after 10--15 cm deep pits dug. The samples were collected in sterile zipper polythene bags and stored at 4 °C until used.

#### 2.1.1.2. Isolation of fungi {#s0030}

Different media including potato dextrose, czapek\'s dox, malt extract, and yeast extract sucrose and yeast malt extract agar media were used. Sprinkle plates were used as isolation techniques. Sprinkle plates were prepared by uniformly distributing the soil directly on the surface of the medium. The plates were incubated for 5--7 days at 25 °C. Fungi growing on the agar plates were purified by single spore and hyphal-tip technique and transferred to malt extract slants and then maintained as a stock culture.

### 2.1.2. Fungal identification {#s0035}

The isolated fungi were identified to the genus and the species level on the basis of their morphological characters and microscopic analysis by using suitable media, slide cultures (obtained by inoculating microfungi directly on a small square of agar medium) and the most taxonomic guides and standard procedures ([@b0045], [@b0025])) .

2.2. Extraction of fungal materials {#s0040}
-----------------------------------

### 2.2.1. Mycelial mat and media {#s0045}

For obtaining the mycelial mat, 9 mm diameter discs of agar media (using 9 mm diameter sterile cork borer) containing the fungal materials were picked up from the margin of actively growing colonies and each disc was transferred into 100 ml liquid medium; in 250 ml conical flasks. The flasks were then incubated at 30 °C for 14 days. Mycelia were harvested by filtration using Buchner funnel. Then the mycelia were washed thoroughly with distilled water and the excess water was removed by plotting with filter papers. Both mycelia and the growth media obtained were kept for extraction.

#### 2.2.1.1. Fungal mycelial mat extraction {#s0050}

The mycelial mat (100 g) for each fungi separately was harvested, washed with distilled water, extracted by refluxing in boiled methanol (2 L) for 2 h, and then filtered off. The mycelial residue was re-extracted again for three times. The combined filtrates were concentrated under reduced pressure at temperature not exceeding 35 °C. The obtained residues were kept for investigation.

#### 2.2.1.2. Fungal growth medium extraction {#s0055}

The growth medium (1 L) was extracted by n-butanol (2 L). This step was repeated until complete extraction for each fungus. The butanolic extract was filtered on anhydrous sodium sulphate. The combined filtrates were subjected to concentration using reduced pressure at temperature not exceeding 35 °C. The obtained residues were kept for investigation.

### 2.2.2. Phytochemical screening and chromatographic investigation {#s0060}

#### 2.2.2.1. Phytochemical screening {#s0065}

Each fungal extract (extra and intra) were separately subjected to phytochemical screening according to the standard published methods ([@b0085]).

#### 2.2.2.2. Chromatographic investigation {#s0070}

Each fungal extracts (extra and intra) was chromatographically investigated using three systems a, b and c, system (a) ethyl acetate: methanol: water 90: 5:4 v/v/v, system (b) chloroform: methanol 95: 5 v/v and system (c) benzene: ethyl acetate 86: 14 v/v. Visualization of the spots were carried out under UV before and after sprays with antimony trichloride (SbCl~3~).

2.3. Anticandidal activity {#s0075}
--------------------------

### 2.3.1. Test organisms {#s0080}

Ten clinically isolated Candida species; Candida albicans, C. dubliniensis, C. famata, C. glabrata, C. inconspicua, C. kefyr, C. krusei, C. norvegensis, C. parapsilosis and C. tropicalis were used as test organisms.

### 2.3.2. Anticandidal screening {#s0085}

The anticandidal activity of total alcoholic extracts of the isolated fungi (both mycelia mat & growth medium) were determined by using two methods Disc-diffusion method ([@b0010]) and well-diffusion method ([@b0100]). Petri dishes containing 20 ml of malt extract agar medium were seeded with 48-h cultures of candidal inoculums. Wells (6 mm in diameter) were cut off from the agar, and 50 μL of fungal extracts were added and incubated at 37 °C for 24--48 h. The anticandidal activity was determined by measurement of the diameter of the inhibition zone formed around the well.

3. Results and discussion {#s0090}
=========================

3.1. Isolation and identification of fungal strains {#s0095}
---------------------------------------------------

A total of 21 isolates were obtained from the analyses of different soil samples taken from the area of Al-Qassim governorate, KSA through soil sprinkle-plate techniques. Ten strains were isolated from agar plates incubated at 28 °C for 7 days. All fungal isolates were obtained in pure cultures by single conidial transfer onto beer agar plates. The fungal isolates were identified as *Penicillium melinii*, *Petriella setifera*, *Aspergillus pseudo-niger*, *Alternaria chlamydospora*, *Pythium nayoroense*, *Phoma glomerata*, *Mucor ramosissimus*, *Mucor racemosus*, *Fusarium chlamydosporum* and *Rhizopus azygosporus* ([Fig. 1](#f0005){ref-type="fig"}). It is known that the soil serves as a reservoir for many microorganisms which plays major role in soil ecosystem ([@b0080]).Fig. 1The vegetative and reproductive structures of fungal isolates; *Penicillium melinii* (a), *Petriella setifera* (b), *Aspergillus pseudo-niger* (c), *Alternaria chlamydospora* (d), *Pythium nayoroense* (e), *Phoma glomerata* (f), *Mucor ramosissimus* (g), *Mucor racemosus* (h), *Fusarium chlamydosporum* (i) and *Rhizopus azygosporus* (j).

3.2. Phytochemical screening and chromatographic investigation {#s0100}
--------------------------------------------------------------

The phytochemical screening of all fungal extracts (extra and intra) showed that all extra-cellular extracts were similar in chemical constituent; they contained carbohydrates and/or glycosides, unsaturated sterols and/or triterpens, tannins and traces of coumarins. There were no saponins, flavonoids, anthraquinones, alkaloids and cardenolides ([Table 1](#t0005){ref-type="table"}). On the other hand, the thin layer chromatography (TLC) investigation revealed that the intra- cellular extracts contained more compounds than extra-cellular extracts ([Table 2](#t0010){ref-type="table"}).Table 1Phytochemical screening of the extra- and intra- cellular extracts of the isolated fungi.FungiTest*Pen. mul.Pet. seti.Asp. pseu.Alt. chl.Pyth. nay.Ph. glom.Muc. ram.Muc. race.Fus. chl.Rhiz. azyg.*exinexinexinexinexinexinexinexinexinexinAlkaloids−−−−−−−−−−−−−−−−−−−−Carbohydrates and /or glycosides++++++++++++++++++++Flavonoids−−−−−−−−−−−−−−−−−−−−Saponins−−−−−−−−−−−−−−−−−−−−Tannins±±±±±±±±±±±±±±±±±±±±Unsaturated sterols and/or Triterpens++++++++++++++++++++Anthraquinones−−−−−−−−−−−−−−−−−−−−Proteins and/or amino acids++++++++++++++++++++Coumarins and lactones±±±±±±±±±±±±±±±±±±±±Cardenolides−−−−−−−−−−−−−−−−−−−−[^1]Table 2Thin layer chromatography extra- and intra- cellular extracts of the isolated fungi.SpotFungiR~f~Col-ourSys-tem*Pen. mul.Pet. seti.Asp. pseu.Alt. chl.Pyth. nay.Ph. glom.Muc. ram.Muc. race.Fus. chl.Rhiz. azyg.*exinexinexinexinexinexinexinexinexinexin0.01Brownc−+−−−−−+−−−−−−−−−−−−0.02Brownc−−−−−−−−−−−−−−−+−−++0.03Bluec+−+−−−+−−+−−+−−+−−−−0.03Brownb−−−−−−−−−+−+−−−+−−−−0.04Brownb−−−−−−−−−−−+−−−+−−−+0.11Blueb+−−−+++−−−++−−++++++0.14Blueb−−−−−+−+−−−+−−−+−+−+0.18Bluec−+−−−−−−−−−−−−−+−+−−0.20Bluea−−−−−+−++−+−+−++−+−−0.21Blueb−−+−−−−−−+−−−−−+−+−+0.28Blueb−+−+++−++++−−−−+++++0.32Greenc−+−+−+−+−+−−−+−+−+−+0.41Brownc−−−−−−−−−+−−−+−+−+−−0.42Bluea+−+−++−−−−−−−−+++−−+0.45Blue greenc−+−−−−−−−−−+−−−+−−++0.55Blue greenc+++−+−+−−−−−+−−++−++0.55Bluea−−−−−−−−−−−−−−−+−−−−0.60Blue greenb−−−+−+−+−−−+−−−+−−−−0.62Bluea−−−+++−−−+−−−−++++−−0.67Blueb−−−+−++−−−++++−−++−−0.70Blueb−−−−−+−−−−−−−+−+−+−+072Yellowa−−−−−−−−−−−−−−−+−+−−0.73Yellowa+−+−−−+−+−+++−++++++0.73Brownb−−−−−+−+−−−+−−−+−−−−0.74Blueb−−−−−−−−−−−−−−−+−−−−0.83bLuea−−−+−−−+−−−−−−−+−−−−0.94Bluec−+−+−−−+−−−−−+−+−−−−0.97Brownc−+−−+−−−+−++−−++−−−+0.99Bluec−+−−−−−−−−−+−−−+−+−−[^2]

3.3. Anticandidal activity {#s0105}
--------------------------

The obtained fungal strains were screened for their anticandidal activity against different clinically-isolated *Candida* species. Each fungal strain was grown on Malt Extract (ME) and Yeast Extract Sucrose (YES) at 28 ± 2 °C for 14 days. Both the intra- and extra-cellular metabolites of the fungal isolates were screened for their anticandidal activity. The anticandidal activities of extracts of both mycelial mat (intracellular metabolites) and growth media (extracellular metabolites) of all the obtained fungal strains were determined ([Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"}). The obtained results revealed that the extract of majority of the fungal strains showed activity against different *Candida* species. The fungal strains grew on malt extract medium showed greater activities than those grew on yeast extract sucrose media. Moreover, the activity of the intracellular metabolites was higher than the extracellular ones ([Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"}).Table 3Anticandidal activity of extra- and intra-cellular extracts of the isolated fungi grown on malt extract medium.Fungi*Candida* speciesDiameter of inhibition zone (mm)*Pen. mul.Pet. seti.Asp. pseu.Alt. chl.Pyth. nay.Ph. glom.Muc. ram.Muc. race.Fus. chl.Rhiz. azyg.*exinexinexinexinexinexinexinexinexinexin*Candida albicans*0708192411120709000000000000000707100000*C. dubliniensis*0707151807100009000700000708000707090000*C. famata*0707161907100007000000000000080807080000*C. glabrata*0709151908100707000000000000070700080808*C. inconspicua*0707151700090707000000000000000707090000*C. kefyr*0008151507100708000000000000000707070000*C. krusei*0810161808110709000000000708070700070000*C. norvegensis*0008111607100000000700000000070707070008*C. parapsilosis*0709131910150707000000000007000807070007*C. tropicalis*0007152000090707000000000007000000070007[^3]Table 4Anticandidal activity of extra- and intra-cellular extracts of the isolated fungi grown on yeast sucrose extract medium.Fungi*Candida* speciesDiameter of inhibition zone (mm)*Pen. mul.Pet. seti.Asp. pseu.Alt. chl.Pyth. nay.Ph. glom.Muc. ram.Muc. race.Fus. chl.Rhiz. azyg.*exinexinexinexinexinexinexinexinexinexin*Candida albicans*0000081108080007000000000000000000000000*C. dubliniensis*0007000707000007000000000800000000000000*C. famata*0007000007000007000000000000000000070007*C. glabrata*0800001300070000000707000000000707000000*C. inconspicua*0000071100070007000000000000000000070000*C. kefyr*0000071207000000000000000000000000070007*C. krusei*0000071207070000000000000000000007070000*C. norvegensis*0000070900080000000709000000000707070000*C. parapsilosis*0007081000110007000000000000000000070008*C. tropicalis*0000070000000007000000000000000008000007[^4]

The intracellular activity of metabolites produced by fungal isolates grown on malt extract showed that the highest activity was obtained by *Petriella setifera* against *Candida albicans* (24 mm), *C. tropicalis* (20 mm),and *C. famata*, *C. glabrata*, *C. parapsilosis* (19 mm), All of the previously mentioned areas in mm, corresponds to the diameter of inhibition zone ([Table 1](#t0005){ref-type="table"}). The extract of Aspergillus *pseudo-niger* exhibited a good anticandidal activity against *C. parapsilosis* (15 mm), *C. albicans* (12 mm), and *C. krusei* (11 mm).

The extracts of *Phoma glomerata* showed no anticandidal activity against all the investigated *Candida* species ([Table 3](#t0015){ref-type="table"}). On the other hand, the extracts of most fungal isolates showed moderate anticandidal activities against the most of the *Candida* species. The current results revealed an anticandidal activity of the fungi isolated from soil, similarly, a huge number of antibiotics produced by filamentous fungi have been reported ([@b0015], [@b0090], [@b0095]).
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[^1]: +, present; −, absent; ±, traces; Pen. mul., *Penicillium melinii*; Pet. seti., *Petriella setifera*; Asp. pseu., *Aspergillus pseudo-niger*, Alt. chl., *Alternaria chlamydospora*; Pyth. nay., *Pythium nayoroense*; Ph. glom., *Phoma glomerata*; Muc. ram., *Mucor ramosissimus*; Muc. race., *Mucor racemosus*; Fus. chl., *Fusarium chlamydosporum*; Rhiz. azyg., *Rhizopus azygosporus*.

[^2]: Pen. mul., *Penicillium melinii*; Pet. seti., *Petriella setifera*; Asp. pseu., Aspergillus *pseudo-niger*, Alt. chl., *Alternaria chlamydospora*; Pyth. nay., *Pythium nayoroense*; Ph. glom., *Phoma glomerata*; Muc. ram., *Mucor ramosissimus*; Muc. race., *Mucor racemosus*; Fus. chl., *Fusarium chlamydosporum*; Rhiz. azyg., *Rhizopus azygosporus*.

[^3]: Pen. mul., *Penicillium melinii*; Pet. seti., *Petriella setifera*; Asp. pseu., Aspergillus *pseudo-niger*, Alt. chl., *Alternaria chlamydospora*; Pyth. nay., *Pythium nayoroense*; Ph. glom., *Phoma glomerata*; Muc. ram., *Mucor ramosissimus*; Muc. race., *Mucor racemosus*; Fus. chl., *Fusarium chlamydosporum*; Rhiz. azyg., *Rhizopus azygosporus*.

[^4]: Pen. mul., *Penicillium melinii*; Pet. seti., *Petriella setifera*; Asp. pseu., *Aspergillus pseudo-niger*, Alt. chl., *Alternaria chlamydospora*; Pyth. nay., *Pythium nayoroense*; Ph. glom., *Phoma glomerata*; Muc. ram., *Mucor ramosissimus*; Muc. race., *Mucor racemosus*; Fus. chl., *Fusarium chlamydosporum*; Rhiz. azyg., *Rhizopus azygosporus*.
